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temperature, salinity, and circulation, as well
as the success of spawning, cannot be accur-
ately assessed until specific identification of
the various larvae is possible. The larvae of
penaeid shrimps, especially during the nau-
plial stage, are remarkably similar, and at
least 13 penaeid species occur in the north-
western Gulf of Mexico. To insure accurate
identification of those larvae belonging to
the genus Penaens, the group of primary
importance, we must also be able to distin-
guish the larval stages of associated non-
commercial penaeids. This report describes
the early development stages of onc of these
species, Stcyonia brevirostris Stimpson.

Accotding to Lunz (1957), 8. brevirostris
occurs on the conrinental shelf of the west-
ern Atlantic from just south of Norfolk,
Virginia, around the Gulf of Mexico to Yu-
catan. It appears to be confined inside the
50-fathom contour, reaching greatest abun-
dance at 35 to 40 fathoms. At points
throughout its range, this shrimp occurs 1n
considerable numbers. 1t is not tished com-
mercially, but since it has a very agreeable
taste and attains a relatively large size, it 1s
generally regarded as having potential com-
mercial value,

II. METHODS AND MATERIALS

All descriptions and figures are from speci-
mens reared in the laboratory. Gravid fe-
males were caught at sea and transported to
the laboratory. Spawning took place in a
fiberglass aquarium that contained 80 liters
of aerated, noncirculating sca water. The lar-
vae were then maintained in the aquarium
uatil the firse postlarval stage was reached.
Cultures of a diatom, Skeletonema sp., were
added as food at the first protozoeal stage
and brine shrimp, Artemia sp., were intro-
duced ar the first mysis stage.

Temperatures during rearing varied be-
tween 21.0° and 24.6° C. Salinity, which
was 24.5%. at the start, rose to a maximum
of 27.4%.. The pH varied from 8.06 to 8.20.

Samples of larvae to be used for descrip-
tive purposes were taken periodically and
preserved in 5% buffered formalin, The un-
stained larvae were illustrated with the aid
of a Camera Lucida. Dissection of the ap-
pendages was performed in formalin on a
plastic slide.

The figures illustrating each substage de-
pict an average larva. With the exception
of the nauplial and protozoeal antennae, the
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appendages on these figures are intended to
show only relative size and position, not
setation or segmentation. To illustrate mor-
phological derails that would otherwise be
obscured, we rotated the antennae of the
nauplial substages on their axes. Figures of
the mouth parts and other appendages repre-
sent a single appendage taken from one in-
dividual. In order to present a clearer figure,
the setules on the setae were usually omitted.
Measurements are given in mm.

The following abbreviations are used in
the text: TL —total length, including the
rostrum but excluding the caudal spines;
W — mean width at the point of greatest
width; CL = carapace length, including the
rostrum; N = number of specimens.

The adult from which the larvae were ob-
tained was identified according to Anderson
and Lindner (1943) and YLunz (1945).
Both the adult and the larvae have been de-
posited in the museum of the Bureau of
Commercial Fisheries Biological Laboratory,
(Galveston, Texas.

III. DESCRIPTION OF STAGES
A. FEgg (Fig. 1)

Viable eggs of S. brevirossris are round,
golden brown in color, and translucent. Eggs
measured soon after spawning were 0.23
mm in diameter. As the nauplius developed
within the cgg, the diameter increased to
0.27 mm just prior to hatching.

,-"t.:;?_ g - \'Q:\\
£ ! ! //
.r'". r i
’ i I
! ¥
| N

RS
“] / H [/f/ ¢ ™ \7’

G

G b

Figure 1, Late eggs showing developing
nauplii. a. lateral view b. ventral view.

Hatching was observed only once. The
nauplius filled the egg case and the furcal
spines were already protruding when it was
first noted. The nauplius appeared to flex,
straightening out the first and second ap-
pendages and pushing the eggshell off the
anterior end of its body.

B. Nawuplins I (Fig.2)

Mean TL = 0.30 mm (0.28-0.32 mm ) ;
W = 0.17 mm; N = 10

Nauplii of 8. brevirostris exhibit the pyri-
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form body that is typical of all penaeid lar-
vac thus far described. A blunt labrum is
present on the ventral surface and a slight
protuberance arises from rhe dorsal surface
of the body.

An ocellus, which is retained in subse-
quent nauplial substages, lies on the longi-
tudinal axis of the body near the anterior
end.

The posterior end of the body is rounded
and bears a pair of spines.

Three pairs of appendages arise from the
anterior portion of the body. The anterior
ones (first antennae) are unbranched. The
middle pair (second antennae) and third
pair {mandibles) are branched into ventral
endopads and dorsal exopods.

Setae arising from the appendages are
smooth, but in succeeding substages the
longer ones become plumose,

Color of the body and appendages is golden
brown. The ocellus is black. Notes on color
were not made for succeeding stages.

Setation of appendages:

First Antenna: Two short ventrolateral;
a short spike and two long terminal; one
long dorsolateral.

Second Antenna:

Endopod: Two short veatrolateral; two
long terminal.

Exopod: Three long ventrolateral; two
long terminal.

Mandible: Both branches bear three long
setae.

C. Nauplins IT (Fig. 3)
Mean TL = 0.31 mm (0.29-034 mm ) ;
W = 0.18mm; N =7
The body is slightly more elongate than
in the preceding substage. The posterior
portion (edge) of the body between the
single pair of caudal spines becomes flat-
tened.

Setation of appendages:

First Antenna: Two short ventrolateral;
one short, one long, and one medium termi-
nal: one short dorsolateral.

Second Antenna:

Endopod: Two short ventrolateral; two
long terminal.

Exopod: Three long ventrolateral;, two
long and one short terminal.

Mandible: Unchanged from Nauplius L.

D. Nauplizs I1I (Fig. 4)
Mean TL = 0.35 mm (0.32-0.37 mm);
W =018 mm; N = 26
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The body 1s more elongate than in Nau-
plius II. Faint folds, the beginnings of ven-
tral appendages, can be seen posterior to
the labrum. The bases of the mandibles have
become slightly swollen. A depression is
present between the three pairs of caudal
spines.

Setation of appendages:

First Antenna: One short and two me-
dium ventrolateral, one medium, one long,
and one short terminal.

Second Antenna:

Endopod: Two short ventrolateral; one
short and two long terminal.

Exopod: Four long ventrolateral, two
long and one short terminal.

Mandible: Unchanged from Nauplius L

E. Nauplins IV (Fig. 5)
Mean TL = 0.37 mm (0.33-0.40 mm ) ;
W = 0.18 mm; N = 30

The body has become longer and the pos-
terior portion more slender. The ventral ap-
pendages that were first noted in the pre-
ceding substage are motre prominent, though
stil] benearh the cuticle. These are the first
and second maxillae and first and second
maxillipeds. Two definite lobes have been
formed at the posterior end of the body, each
bearing five caudal spines.

Setation of appendages:

First Antenna: Two long and one me-
dium ventrolateral; two long and one short
terminal; one short dorsolateral.

Second Antenna:

Endopod: Two short ventrolateral; one
long and two medium terminal.

Exopod: One medium and three long
venrrolateral; two long, one medium, and
one shore terminal.

Mandible: Unchanged from Nauplius I.

F. Nauplins V (Fig. 6)
Mean TL = 0.44 mm (0.38-0.46 mm):
W = 0.18 mm; N == 46

The body is further elongated and the fur-
cal processes are more pronounced, each giv-
ing rise to seven spines. The maxillae and
maxillipeds are now external, and show more
advanced development. The swelling at the
base of the mandible, which has become
farge and prominent, possesses a masticatory
surface composed of several rows of small
teeth. Both the endopod and exopod of the
mandible are frequently hollow and trans-
parent. The outline of a developing carapace
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Figures 2-5, top to bottom. 2. Nauplius 1.

a. ventral view b. lateral view. 3. Nauplius

II, ventral view. 4. Nauplius III, ventral
view. 5. Nauplius IV, ventral view.
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can be seen on the dorsal surface of the
body, and frontal organs are present on its
anterior margin.

Setation of appendages:

First Antenna: Two short and one me-
dium ventrolateral; two long, one medium,
and two short terminal: two short dorso-
lateral.

Second Antenna:

Basis: One short ventrolateral.

Endopod: Two medium and two short
ventrolateral; one short and three long
terminal.

Figure 6. Nauplius V. A. ventral view

B. base of mandible.

Exopod: Four long ventrolateral; three
long, one medium, and one short terminal.
Mandible: Unchanged from Nauplius I

G. Protozoeal (Fig. 7)
Mean TL = 0.81 mm (0.70-0.99 mm ) :
mean CL = 0.33 mm (0.30-0.36 mm):
N = 39

Body shape changes considerably with the
molt to the first protozoeal substage. A
large, loose-fitting carapace covers the an-
ter1or section of the body. The posterior por-
tion of the body has lengthened greatly and
is now distinctly segmented. The maxillae
and first and second maxillipeds are well
developed and functional.

The carapace is rounded with a median
notch at the anterior end, a pair of rounded
frontal organs being the only protuberances
on it. The ocellus, which persists in subse-
quent protozoeal substages, is present be-
tween a pair of compound eyes that are
visible beneath the carapace. The labrum
does not bear a spine on its anterior margin.
Two lobes of the labium, bearing short bris-
tles on their inner margins, can be seen pos-
terior to the labrum. Several teeth of the
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inwardly projecting mandibles can be seen
between the labrum and labrum.

The first antenna is approximately twice
the length of the endopod of the second an-
tenna. It is composed of three major seg-
ments. The basal segment, which is divided
into five subsegments, bears one short seta.
The second segment bears three setae, one
short and one medium ventrolateral, and one

el
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short posterolateral. The disal segment bears
three long and two short terminal, and one
short posterolateral, setae.

The second antenna is composed of a two-
segmented protopod, an endopod of two
segments, and an exopod of from seven to
nine, frequently indistinct, segments. The
protopod bears one seta at the juncture with
the endopod. The first segment of the endo-

Ny

Figure 7. Protozoea I.
a. Ventral view c. Maxillal e. Maxilliped I
b. Mandible d. Maxilla II f. Maxilliped I1
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Figure 8.
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pod gives rise to a pair of setae from a point
about one-third the length of the segment,
and three terminal setae. The distal segment
bears five terminal setae. The exopod bears
five setae on its ventrolateral and two on its
dorsolateral margins, as well as five termi-
nal setae.

The mandible has lost both the endopod
and exopod. The masticatory process is
longer than in the last nauplial substage and
curves inward, terminating in a ring of teeth.

‘The first maxilla consists of an unseg-
mented protopod, a three-segmented endo-
pod, and a small knoblike exopod. The pro-
topod has two large lobes, each giving tise
to several stout, toothed spines. The first and
second segments of the endopod each bear
two setae, and the third five. The exopod
bears four setae.

The second maxilia is comprised of an
unsegmented protopod, a three-segmented
endopod and a small knoblike exopod. The
protopod has five lobes on 1ts ventral mar-
gin, the basal lobe bears about seven setae
and the remainder two to five. The first
segment of the endopod bears two setae, the
second and third, three; the exopod bears
five.

. The first maxilliped is longer than the
maxillae and is biramous. It is composed of
an unsegmented protopod, a four-segmented
endopod, and an unsegmented exopod. The
protopod has from 13 to 15 setae on its
ventral margin. The first and third seg-
ments of the endopod each bear two setae;
the second, one; and the fourth, five. The
exopod bears four lateral and three rerminal
setae.

The second maxilliped greatly resembles
the first, although it is somewhat smaller.
The protopod bears two setae. The first
three segments of the endopod each bear
one seta and the fourth bears tive. The exo-
pod has three lateral and three rerminal setae.

The third maxilliped is small, biramous,
and usually does not bear setae.

The slender posterior portion of the body
is divided into six thoracic segments and an
unsegmented abdomen. The abdomen termi-
nates in a well-developed, forked, telson,
each lobe of which bears seven spines, the
outermost etxending inward across the furca.

T
N
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H. Protozoea Il (F18.8)
Mean TL = 1.23 mm (1.12-1.44 mm);
mean CL = 0.44 mm (0.38-0.45 mm )
N = 28

The second protozoea is characterized by
the presence of stalked compound eyes, a
segmented abdomen, and a small rostrum
which does not extend to the anterior edge
of the bady.

The frontal organs have been lost and do
not reappear in later substages. Small pa-
pillae which are present on the dorsoanterior
margins of the eyes persist in the third pro-
tozoeal substage. |

Segmentation of the appendages remains
almost unchanged from the preceding sub-
stage. A dorsolateral seta has been added to
the terminal segment of the first antenna.
The number of spines on the second lobe
of the protopod of the first maxilla has in-
creased and an additional short seta 1s found
on both the first and second segments of the
endopod. Three setae have been added to
the second maxilliped, one on the protopod
and two on the endopod. Rudiments of five
pairs of pereiopods are present posterior to
the maxillipeds.

The abdomen is divided into six seg-
ments with the telson still part of the sixth.
The number of candal spines remains con-
stant at seven pairs.

1. Protozoea lll (Fig. 9)
Mean TL = 1.96 mm (1.84-2.09 mm ) ;
mean CL = 0.58 mm (0.54-0.61 mm);
N = 20 |

This substage can be distinguished from
the second protozoea by the presence of
biramous uropods and spines on the ab-
dominal segments,

The rostrum has undergone slight elonga-
tion and now extends slightly past the an-
terior margin of the body. |

The five subsegments which made up the
basal segment of the first antenna in pre-
ceding protozoeal substages have combined
and three are now four segments. The first
segment gives rise to one seta; the second
and third, two; and the fourth, seven. In ad-
dition to the two more prominent setae,
variable number of small setae now rim the
distal portion of the third segment.

The second antenna, maxillae, and second
and third maxillipeds remain essentially the
same as in the preceding substage. The seta
on the second segment of the endopod of
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Protozoea I11.

Figure 9.

Maxilliped IT

c.

Maxilla IT
d. Maxilliped I

C.

Dorsal view
Maxilla I

a.

b.
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the first maxilla in the preceding substage
has been lost. Such condition might indicate
a variable number of setae on this segment.
A second seta is present on the second seg-
ment of the endopod of the first maxilliped.
Although the pereiopods have developed

further and are biramous, they are still non-

functional.

Segmentation of the abdomen is more dis-
tinct in this substage. Each of the first five
segments bears a median spine on its dorso-
posterior border. The fifth segment also has
a pair of posterolateral spines, as does the
sixth.

The telson is now separated from the
sixth segment and each lobe retains seven
caudal spines. A pair of biramous uropods
originate from the ventroanterior margin of
the telson. The exopod is slightly longer
than the endopod and five or six setae arise
from its apex. The endopod usually has two
very small terminal setae.

J. Myses I (Fig. 10)
Mean TL = 2.47 mm (2.16-2.66 mm);
mean CL = 0.82 mm (0.74-0.89 mm);
N = 24

At the molt to the first mysis substage, the
larva undergoes another fundamental modi-
fication in body form, taking on a semblance
of the adult for the first time. The trans-
figuration is exemplified in the functional
pereiopods with their long brushlike exo-
pods, and by the transformation of the first
and second antennae into the adult shape.

The carapace has a short rostrum that ex-
tends slightly less than half the length of
the eye. A single spine is found on the dot-
sal carina of the carapace. Supraorbital and
pterygostomian spines are present.

The ocellus and occular papillae persist
in this and succeeding mysis substages.

The first antenna consists of three seg-
ments. The first segment, which is about
twice the length of the second and third
combined, bears two spines, one on its me-
dian margin, and one on its lateral margin.
The disral segment gives rise t0 two
branches; the lateral, bearing five or six
setae, is three times as long as the median,
which bears a single seta. A series of setae
are present along the margins of the append-
age, and numerous setae arise from the apex
of each segment.

The second antenna is composed of a two-
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segmented protopod (the basal segment is
not shown in fig. 10), an unsegmented en-
dopod with two lateral and three terminal
setae, and an unsegmented, flattened exopod
which bears 10 setae along its median and
apical margins as well as a single, subterminal,
externolateral seta.

The mandible has undergone no appreci-
able change. A short spine, added at the
base of the second lobe of the protopod of
the first maxilla, is the only difference. The
exopod of the second maxilla has enlarged
and now bears nine setae. An additional seta
is present at both the apex of the protopod
and on the endopod of the first maxilliped.
The first and second segments of the endo-
pod of the second maxilliped have each
gained two setae, and two lateral setae have
been lost from the exopod.

The third maxilliped and five pereiopods
have become enlarged and possess long un-
segmented exopods which bear six to eight
setae, The protopod of the third maxilliped
is unsegmented and bears four setae. Its en-
dopod is composed of four segments, the
first giving rise to one seta; the second, none;
the third, three; and the fourth, five. The
protopod of the first pereiopod is two-seg-
mented with only a single seta present on
the second segment. The endopod of the
first pereiopod has been modified to torm a
rudimentary chela bearing three setae. The
other four pereiopods were not examined in
detail.

A ventromedian spine arises from each of
the first five abdominal segments; the pleura,
however, normally do not bear spines. Infre-
quently, laboratory-reared mysis exhibited
dorsoposterior spines on the fourth, tourth
and fifth, or fifth segments. Since examina-
tion of Sicyonia mysis from the plankton has
failed to yield a specimen with dorsoposterior
spines, their presence is tentatively regarded
as an abnormal condition. The sixth seg-
ment possesses a dorsomedian spine and a
pair of posterolateral spines.

The uropod has developed an upsegmented
protopod which bears a posteroventral and
a posterolateral spine. The endopod and ex-
opod are of equal length and bears numerous
setae on their margins.

The telson, deeply cleft, bears six pairs of
terminal and subterminal spines, and a single
pair of lateral spines,
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Figure 10. Mysis I.
a. Lateral view e. Maxilla II i. Maxilliped III
b. Antenna I f. Maxilla 11 j. PeriopodI
c. Antenna II g. Maxilliped I k. Telson
d. Mandible h. Maxilliped II

K. Myszs I (Fig. 11)
Mean TL = 2.89 mm (2.70-3.15 mm) ;
mean CL = 0.96 mm (0.90-1.05 mm);
N =13

A second spine is added to the dorsal
carina of the carapace and there is now a
well-developed antennal spine.

The first antenna remains unchanged, ex-
cept that the developing statocyst can now
be seen at the base of the appendage. The
exopod of the second antenna now possesses
a subterminal spine on its Jateral margin and
the number of median and apical setae has
increased to 13. | '

The mandible bears a large unsegmented
palp. An exopod is no longer present on the
tirst maxilla, and a seta has been lost from
the second segment of the endopod. The
endopod of the second maxilla has become
further enlarged and the number of setae
has increased to 24.

The protopods of the three maxillipeds are
composed of two segments. The terminal
seta added to the protopod of the first max-
illiped in the last substage is no longer
present. The first segment of the endopod
has also lost a seta. The endopod of the
second maxilliped has gained a terminal seta.
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Figure 11. Mysis 1L

a. Lateral view
b. Antennal

c. Antenna Il
d. Maxilla I

2 EY

A single seta has been added to both the
first and second segments of the endopod of
the third maxilliped. The chela of the first
pereiopod now bears six setae. Rudiments
of the branchiae are present as small lobes
on the maxillipeds and pereiopods.

The addition ot small unsegmented pleo-
pods and a reduction in the width of the
clett in the telson represent the only major
changes in the posterior portion ot the body.

Maxilla 11 1.
Maxilliped I
Maxilliped II
Maxilliped 111

Pereiopod I
j. Telson

_ L. Mysis III (Fig. 12)

Mean TL = 3.51 mm (2.94-3.72 mm) ;

mean CLL = 1.13 mm (0.90-1.26 mm):

N = 18

An additional spine added to the dorsal
carina of the carapace raises the count to
three.
- The antenna have been modified slightly;
the basal segment of the first antenna has
gained a lateral spine apically, the endopod
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Figure 12. Mysis III.

a. Lateral view e. Maxillal1 1. Maxilliped III

b. Antennal f. Maxalla II j- Pereiopodl

c. Antenna II g. Maxilliped I k. Telson

d. Mandibular palp h. Maxilliped II |

of the second antenna is now made up of
three segments and its exopod bears 19 setae.

The mandibular palp, composed of two
segments, has enlarged further. The maxillae
remain essentially unchanged from the pre-
ceding substage. Rudiments of the gills are
present on the three maxillipeds and first
pereiopod.

A seta has been added to both the first
segment of the endopod and to the exopod
ot the first maxilliped. The endopod of the
second maxilliped has gained an additional
segment which does not bear setae. The dis-

tal segment of its protopod has lost two setae,
leaving the protopod with one seta, while the
exopod and the second segment of the en-
dopod each have an additional seta. The
endopod of the third maxilliped has gained
a segment, making a total of five. The first
three segments ot the endopod now possess
two setae each; the fourth segment, three;
and the fifth, five. The exopod of the third
maxilliped and of each pereiopod is now
composed of two segments. The endopod of
the first pereiopod is composed of four seg-
ments, with the distal segment being the
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rudimentary chela.

The posterior portion of the body has
changed little. The pleopods, although now
two-segmented, are still small. The cleft in
the telson has become greatly reduced in size

and the position of the spines has changed.
There are nqw. four pairs of terminal and
three pairs of lateral spines. The postero-
ventral spine on the protopod of the uropod
is absent. '

Figure 13. Mysis 1IV.

a. Lateral view e. Maxilla I i. Maxilliped III
b. Antennal f. Maxilla II j. Periopod Il

c. Antenna II - g. MaxillipedI k. Telson
d. Mandible h. Maxilliped II o
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M. Mysis IV (Fig. 13)
Mean TL = 3.68 mm (3.48-3.81 mm);
mean CL = 1.20 mm (1.11-1.23 mm);
N =10
The fourth mysis differs only slightly from
the preceding substage. The addition of a
fourth rostral spine and a reduction in the
cleft of the telson represent the most promi-
nent modifications. The antennae have also
undergone changes, with the endopod of the
first antenna now composed of two segments,
and that of the second, five segments.

T ulane Studies in Zoology
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The distal segment of the endopod of the
first maxilla has lost a seta. The number of
setae on the exopod of the second maxilla
has increased to 36 and, although not shown
in Fig. 13f, the setation of the protopod and
exopod remains unchanged. The second and
fourth segments of the endopod of the first
maxilliped have each lost a seta, and the
exopod, two. The number of setae on the
protopod of the second maxilliped, and that
of the second and fifth segments of its
endopod, has increased and decreased by

Figure 14. Postlarva I
a. Lateral view e. Maxilla 1 1. Maxilliped III
b. Antennal f. Maxilla II j. Pereiopodl
c. Antenna II g. Maxilliped I k. Telson

d. Mandibular palp h.

Maxilliped II
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one, respectively; its exopod is now two-
segmented.

The pleopods retain essentially the same
shape, but have increased in length and are
now about one and one-half times the length
of those of the previous substage.

N. Postlarva I (Fig. 14)

Mean TL = 3.87 mm (3.51-4.35 mm);
mean CL = 1.13 mm (1.07-1.21 mm);
N=9

With the molt to postlarva, the exopods
are lost from the pereiopods and the pleo-
pods, now heavily setose, are the principal
SWimmIing organs.

The rostrum is short, extending about one-
half the length of the eye. The carapace
usually bears four teeth on its dorsal carina,
although some specimens show a small tifth
spine anceriorly. Hepatic and antennal spines
are present, the supraorbital and pterygosto-
mian spines having been lost.

The ocellus persists, but the ocular papil-
lac are no longer present.

Although there is no appreciable change
in the first antenna, the endopod (flagel-
lum) of the second antenna is elongate and
composed of 16 segments, while the exopod
(antennal blade) is very broad at its base.

The mandibular palp has increased 1n size
and bears about 20 setae along its margin.
The endopod of the first maxifla is reduced
greatly and is no longer setose. The endopod
of the second maxilla is also vestigial, and
the spines on the four lobes of the protopod
are less prominent. The exopod has enlarged
greatly and possesses about 60 setac.

Both the endopod and exopod of the first
maxilliped are greatly reduced in size and
setation. The second maxilliped retains a
greatly reduced exopod, while the third
maxilliped and the pereiopods have lost their
exopods. The second maxilliped has be-
come recurved and bears numerous spinelike
setae on the last two segments. The dactyls
of the chelipeds are fully formed. Although
still rudimentary, the branchiae on the maxil-
lipeds and pereiopods have developed two
rows of small protuberances on their external
surfaces.

The first five abdominal segments do not
possess spines. The sixth segment has a
small dorsomedian and a small pair of pos-
terolateral spines.

The uniramous pleopods have lengthened
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and bear about 12 setae on the second seg-
ment. |

The protopod of the uropod retains a small
posterolateral spine. The endopod and exo-
pod are of equal length.

The telson is no longer cleft, ending in-
stead in a blunt point. It bears five pairs of

minute lateral spines and seven pairs of
setac.

IV. CHRONOLOGY OF LARVAL
DEVELOPMENT

Experiments by the authors with larvae of
the brown shrimp, Pemnaens aztecus Ives,
showed that growth is closely related to tem-
perature, becoming more rapid the warmer
the water. Consequently, it 1s likely that the
growth of S. brevirostris would also be ac-
celerated at temperatures higher than those
encountered during this rearing trial (21.0°
to 24.6° C).

In this study, the eggs were spawned at
night and hatched the following afternoon.
Each nauplial substage lasted approximately
12 hours. The number of days atter spawn-
ing when the indicated substages were first
noted are listed in Table L.

TABLE 1
Chronology of larval development

Days after

Substage spawning
Protozoea I 3
Protozoea Il 6
Protozoea 111 10
Mysis 1 12
Mysis 11 16
Mysist 111 22
Mysis IV 24
Postlarva 1 29

V. COMPARISON WITH DEVELOPMEN'T
OF OTHER Sicyonia

As has been described, the larvae of §.
brevirostris pass through five nauplial, three
protozoeal, and four mysis substages before
molting to the first postlarval stage. This
sequence differs from that of the larval de-
velopment of other (littoral) penaeidae in
the northern Gulf area, most of which pass
through only three mysis substages (Cook,
in press), as well as from that of larvae of
other Szcyonia spp. described in the literature
(Table 2). One reason for the wvariation
among descriptions by different authors may
be that the number of substages is influenced
by the environment in which the larvae grow.
For example, Pike and Williamson (1964)



Major differences between corresponding substages of four species of Sieyonia larvael

TABLE 2

Stape and
structure

Nauwplius I
Length (mm)
Antenna II

Endopod

Exopod
Caudal spines
Nawuplius 11
Length (mm)
Antenna I1
Endopod

| Exopod
Caudal spines
Nauplius I
Length (mm)
Antenna I1
Endopod

Exopod
Caudal spines

Nauplius I'V
Length (mm)
Antenna II

Endopod

Exopod
Caudal spines
Nauplius V
Length (mm)
Antenna I
Antenna II

Endopod

Exopod
Caudal spines

Protozoea I
Length {mm)
Antenna |

Antenna II
Endopod

S. brevirostris

0.30 (0.28-0.32)

2 lateral and 2 terminal
setae

5 setae

1 palr

0.31 (0,29-0.34)

2 lateral and 2 terminal
setae

O setae

1 pair

0.35 (0.32-0.37)

2 lateral and 3 terminal
sctae

7 setae

3 palrs

0.37 (0.33-0.40)

2 lateral and 3 terminal
setae

8 setae

5 pairs

0.44 (0.38-0.46)
2 long terminal setae

5 lateral and 4 terminal
sctae

9 setae

T pairs

.81 (0.70-0.99)
9 terminal and 1 dorso-
lateral setae

1+ 2+ 3 lateral setae3

— .
W
S. stimpsont S, wheeleri S. carinata
Heldt attributes 8 nau-
0.24-0.26 See footnote 2 plial substages to S.
cartnata, Asillustra-
No lateral and 2 terminal tions of all substages
setae are not given and seta-
4 setae tion 1s not described in
1 pair detail, we have not at-
tempted to compare this
0.26-0.30 0.98 species with the other
three. Length of the
No lateral and 3 terminal  No lateral and 2 terminal first nauplius is 0.26
setac sotae mm and that of the
5 SEtHE 6 SEtﬂ.E ].E.St iS 0.38 tﬂ' 0-40 )\.I
1 or 2 pairs 1 pair mim, g_
0.30-0.36 0.34-0.37 ‘;
e )
No lateral and 4 terminal No lateral and 3 terminal %_,
setae setae &
6 setae 7 setae -
2 or 3 pairs 3 pairs )
N
0.36-0.40 See footnote 2 S
No lateral and 4 terminal S
setae a
7 setae
6 or 7 palrs
0.36-0.42 0.4
2 long terminal setae 3 long terminal gsetae
1 Iateral and 3 terminal 4 lateral and 4 terminal
setae setae
8 setae 8 setae
T pairs 6 pairs
0,70-0.80 0.7-0.75 0.76-0.86 <
4 terminal and no dorso- b terminal and 1 dorso- O terminal and 1 dorso- =
lateral setae lateral setae - lateral setae ot
- Mo

2+ 2 lateral setae

1+ 2 lateral setae

1-41-+2 lateral setae



Protozoea I
Length (mm)
Antenna I

Antenna Il
Endopod

Protozoea [11
Length (mm)
Antenna Il

Endopod
Ahdomen

Muysis I
Length {(mm)
Ahdomen

Mysis I1
Length (mm)
Abdomen

Mysis I'T
Length {mm)
~ Abdomen

Mysis IV
Length (mm)
Abdomen

1.23 (1.12-1.44)
5 terminal and 2 dorso-
lateral setae

1-1-24 3 lateral setae

1.96 (1.84-2.09)

1-+2-+ 3 lateral setae

First b segments with
Sp.ne on dorsopos-
terior border, 1 palr
of posterolateral
spines present on both
the fifth and sixth
segments

2.47 (2.16-2.66)

Ventral margins of
pleura of first o seg-
ments rounded; a pair
of posterolateral
spines on 8ixth seg-
ment

2.89 (2.70-3.15)
Same a8 1n Mysis |

3.51 (2.94-3.72)
Same as in Mysis I

3.68 (3.48-3.81)
Same as in Mysis 1

1.0
5 terminal and no dorso-
lateral setae

2+ 2 lateral setae

1.36-1.68

24 2 lateral setae

Dorsoposterior spine
present only on third,
fourth, and fifth seg-
ments; no postero-
lateral spines on fifth
or sixth segments

See footnote 4

2.0-2.8

Ventral margins of
pleura of first 5 seg-
ments pointed

2.8-3.6

Ventral margins of
pleura of first & ab-
dominal segments
pointed; point arises
from the middle of
the segment on all
segments

None recorded

1.02
5 terminal and 1 dorso-
lateral setae

1+ 2 lateral setae

1.32-1.5

1 + 2 lateral setae

First 5 segments with
spine on dorsopos-
terior border; 1 pair
of posterolateral
spines on fifth seg-
ment and 2 pairs on
the sixth

1.66

Ventral margins of
pleura of first 4 seg-
ments pointed

1.8

Ventral margins of
pleura of first 3 seg-
ments pointed

2.37

Ventral margins of
pleura of first 5 seg-
ments pointed; point
arises from the pos-
terior portions on secg-
ments 3-5

None recorded

1.23-1.30
5 terminal and 1 dorso-
lateral setae

14+ 24 2 lateral setae

[not given]

1+ 2+ 2 lateral setae
First 5 segments with
spine on dorsoposterior
border; 1 pair of pos-
terolateral spines on
fifth segment and
none on the sixth

2.05-2.39

Ventral margins of
pleura of first b seg-
ments rounded; no pos-
terolateral spines on
sixth segment

2.6-2.8
Same as in Mysis I

2.95-3.04
Same as in Mysis 1

3.26
Same as in Mysis I

1 Data on S. stimpsoni from Pearson (1939), on S. wheeleri from Gurney .
2 Gurney (1943) lists only three nauplial substages but concedes that he may have missed

plii into the second, third, and fifth substages as they appear similar to cnrrgaspnndmg substagces of
2 The numher of setae at each point of insertion is recorded starting proximally.

(1943), and on S. carinata from Heldt (1938).
some. We have arbitrarily placed his nau-
both S. brevirostris and S. stimpsoni.

i+ Pearson (1939) rccorded only two mysis substages, which we believe correspond to Myses IT and III of the other species.
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found that under certain conditions, Jarvae
of Pandalus montagui Leach reared in the
laboratory passed through several additional
zoeal substages before molting to megalopa.
To ensure that the number of substages listed
for S. brevirostris in this paper is the same
as occurs in nature, and was not affected by
the reating procedure, a comparison was
made with Sicyonia larvae in plankton sam-
ples. The number of substages found in a
large volume of planktonic material was the

same as that tound among laboratory-reared
larvae.

Larvae of three other species of Sicyonia
have been described: S. carimata by Helde
(1938); §. stempsons by Pearson (1939);
and S, wheeler: by Gurney (1943). Upon
comparing descriptions of these larvae with
specumens of S. brevirostris, we determined
that i1n the protozoeal and mysis stages they
possess morphological characters which per-
mit their differentiation both from other
penaeid larvae and from each other. Vari-
ation between pauplii of different Sicyonia
often appears to be as great as that observed
between penacid genera at the nauplial stage,
and there seemingly are no definitive char-
acters by which they can be collectively sepa-
rated from nauplii of other genera. This is
due to the fact that penaeid nauplii are very
simple forms having the same general shape
and relatively few setae, all of which miai-
mizes the possibility of distinctive, inter-
specific variation.

The following characters serve to distin-
guish Stcyomia protozoeae from those of
other penaeid genera: The first antenna is
relatively long, about 114 times as long as
the endopod of the second antenna, and bears
three long terminal setae. The rostrum, when
present, is very short with no supraorbital
spines. The labrum does not possess a ven-
tral spine, and the outer pair of caudal spines
extends inwardly across the furcae.

The lack of dorsomedial spines on the
first five abdominal segments is usually a
sufficient criterion for identifying Sicyonia
myses. Other useful characters are the pres-
ence of ventromedial spines on the first five
abdominal segments, and the absence of
hepatic spines on the carapace.

As pointed out by Helde (1938), meta-
morphosis among the Penaeidae is very grad-
ual with relatively minor differences sepa-
rating most substages. Because distinction
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of successive substages can only be accom-
plished somewhat arbitrarily, different in-
vestigators examining the same kind of de-
velopmental material might easily have dif-
ferent opinions as to the number of substages
reptesented. We believe this subjectively
largely explains the variation in substage
count recorded for Sicylonia larvae (Table
2). So, to facilitate comparison of the spe-
cies described in Table 2, we have taken the
liberty of placing the larvae of some authors
in slightly different substage categories.

VI. SUMMARY

Five nauplial, three protozoeal, four mysis,
and the first postlarval stages of the rock
shtimp, Szeyonia  breverostris  Stimpson,
reared from eggs spawned in the laboratory,
are described and illustrated. Temperatures
during rearing varied between 21.0° and
24.6° C. Salinity, which was 24.5%¢ at the
start, rose to a maximum of 27.4%¢. The pH
varied from 8.06 to 8.20. Under these con-
ditions, the larvae developed to the first post-
larval stage in 29 days.

S. brevirostris larvae are compared with
corresponding substages of three previously
described species of Sicyomia. It was noted
that the larvae of all four species possess
characteristics which serve to distinguish
them from one another.,
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